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(54)TWe: BIOCHEMICAL REACTION CONTROL 



(57) Abstract 




A device which is useful for the technique of DNA amplification by polymerised chain reaction (per) is disdosed The de- 
vice (10) comprises a holder in the form of a ring (11) in which there are disposed a plurality of wells (12) to sUdingly accept pi- 
tips (13). Samples are contained in the pipette tips (13) by heat sealing a lower end thereof. Means are provided to heat and/ 
or cool tiie ring (U) thweby allowing heating and/or cooling of samples disposed therein. For pw, means are provided to 
cydically heat and cooL An improved method for the conduct of pa- and other methods or tw^iiques that rely upon heating 
and/or cooling is also disclosed. The improvranent essaitiaUy rdates to the use of a detachable pipette tip to both acquire a mea- 
sured sample and then to allow the pip^e tip, after heat sealing its lower end, to be subjected to heating and/or cooling as r&. 
quired by the reaction. Since tiierc is no transf» of sample to a second container for reaction, there is both a saving in time and 
an avoidance of sampple contamination. 
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BIOCHEMICAL REACTION CONTOnT, 

Field Qt the Invention 

This invention relates to devices used to control 
chemical reactions peurtlcularly biochemical reactions 
5 through temperature control. The invention further 

relates to methods which include the step of controlling a 
chemical reaction, particularly a biochemical reaction, 
using temperature control. 

Background of the Invention 
10 There are many techniques and methods employed in the 

chemical art in which the extent or nature of a reaction 
is controlled by controlling the temperature of that 
reaction. In some cases, the extent of temperature 
control required may be quite broad without being 
15 detrimental to, for example, product yield, product purity 
and the like. 

In other cases, the control of reaction temperature 
may be critical to obtaining the required product or for 
ensuring that a desired reaction proceeds in preference to 
20 alternative competing reactions. 

Generally, biochemical reactions have a requirement 
for close temperature control, a typical such reaction 
being one that includes the use of enzymes. 

One biochemical technique or method that uses an 
25 enzymatic reaction that is of particular importance is the 
amplification of a DNA segment using polymerase chain 
reaction. In this technique, which has a number of 
applications such as DNA fingerprinting and gene einalysis, 
a DNA segment up to approximately 6,000 base pairs in 
30 length is amplified exponentially starting from as little 
a single gene copy using polymerase chain reaction. 

This technique uses a denatured DNA sample incubated 
with two oligonucleotide primers that direct the DNA 
polymerase-dependent synthesis of complimentary strands. 
35 Multiple cycles of synthesis each, afford an approximate 
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doubling of the amount of target sequence. Each cycle is 
controlled by simply varying the temperature to permit 
denaturation of the DMA strands, annealing of the primers, 
and synthesis of new DNa. strands. The use of a 
5 thermostable DNA polymerase obviates the necessity of 
adding new enzyme for each cycle, thus enabling fully 
automated DNA aniplification. Twenty-five amplification 
cycles increase the amount of target sequence by 
approximately 10 ^-f old. For the purposes of gene 

10 analysis the polymerase chain reaction technique offers 
the advantage of an increased signal intensity in 
subsequent assays. Hore detailed information rega r d i ng 
the polymerase chain reaction can be found in "PCR 
Protocols - A Guide to Methods and Applications" Eds. M.A. 

15 Innis, D.H. Gelfard, J.J. Sainskey, T.J. White, Academic 
Press. Inc. San Diego 1990" the disclosure of which is 
incozporated herein by reference. 

In the prior art it has been found that the technicpie 
of DNA polymerisation requires rapid controlled heating 

20 and cooling cycles. The art is replete with incubators 
and other devices to achieve this end. 

Typically a device consists of a heat conductive 
material provided with channels adapted to receive vessels 
in which the reaction is to take place, typically 

25 Eppendorf tubes. The heat conductive material is then 
provided with heating/cooling means. 

Wittwer et al, Biotechniques Ifi, (1) 76-82 (1991) 
state that in commercial units for automated DNA 
amplification, temperature transition rates are usually 

30 less than 1°C s"^ when metal blocks or water are used 
for th^^yTwa*^ equilibration eind sauries cire contained in 
plastic micro-centrifuged tubes. A significant fraction 
of the cycle time is spent heating and cooling the sample, 
as opposed to being spent at optimeil denaturation, 

35 annealing and elongation temperature. Extended 
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amplification times of 2-6 hours are common and long 
transition times make it difficult to determine optimal 
teroperattires and times for each stage, instantaneous 
temperature changes are not possible because of sample, 
5 container and cycler heat capacities. 

Wittwer et al go on to disclose a rapid cycling 
system of low heat capacity based on heat transfer by hot 
air to samples contained in thin glass capillary tubes. 
Under the heading "Materials and Methods", the authors 

10 disclose that lOpL samples of the amplification mixture 
were placed in the centre of 8cm lengths of 
micro-capillary tubing and the ends heat sealed so as to 
leave l-2cm air column either side of the samples. 

Whilst the aforementioned technique may represent an 

15 improvement over the prior cirt devices and techniques in 
terms of temperature cycling, it does not address another 
difficulty encotintered in this technique, namely the 
efficient transfer of a sample to the container in which 
the reaction is to take place. This is important both in 

20 terms of time saving and in avoiding sample contamination. 

Summarv of the Tnven1-,inn 

In its broadest form, the present inventors have 
found that transfer of a sample aliquot to a reaction 
container can be avoided, whilst maintaining or improving 
25 efficient heating and cooling, by using a sample transfer 
means of the type in which the sample containing portion 
is detachable and capable of being closed so as to serve 
as the container in which reaction takes place. 

Accordingly, in a first aspect, the present invention 
30 consists in an improvement to. a method or technique in 
which a sample reacts under controlled temperature 
conditions, the improvement comprising: 
(a) introducing a sample into a detachable sample 

containing portion of a sample transfer means formed 
35 from synthetic plastics material via an opening in a 
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lower end thereof; 
sealing said opening; 

detaching the sample containing portion firom the 
sample transfer means, and 

reacting the sample in said sample containing portion 
under controlled temperature conditions using a 
devdce adapted for that purpose. 

In a second aspect, the present invention further 
consists in a device for controlling reaction of a sample 
10 by controlling the temperature thereof, comprising a 

holder adapted to receive a detachable Scunple containing 
portion of a sample transfer means, said portion being 
closed at a lower end and means to heat and/or cool said 
holder. 

15 Both the inventive method and device are particularly 

useful in the technique of DNA amplification using 
polymerised chain reaction (per) . Other techniques for 
which the inventive method and device may be used include 
ligase chain reaction (Icr) and self -sustained sequence 

20 replication. In these particular applications, the device 
will be adapted for controlled cyclic heating and cooling. 

In order to obtain the most efficient heat tremsfer 
between the sample and its container and the heating 
and/or cooling means, preferably the sample container and 

25 the holder will each be dimensioned so as to maximise 
thermal contact. This may be achieved in a preferred 
embodiment wherein the san^le contctiner comprises a 
detachable pipette tip and the holder comprises a low heat 
capacity metal block, having at least one well dimensioned 

30 to slidingly receive the pipette tip- 

One pipette tip suitable for use in this invention is 
of the positive displacement type. Such a pipette tip 
comprises a capillaiY tubular portion with a lower opening 
formed into a tip, an upper opening for attachment to a 

35 mechanical pipette and a plunger adapted to slide within 



(b) 
(c) 

5 (d) 
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the tubular portion in response to the operation of the 
pipette. These pipette, tips are formed from synthetic 
plastics material and may therefore be readily heat sealed 
at the tip. In this way a sample will be contained 
5 between the sealed tip and the pltinger. 

When reaction is complete, the sample may be readily 
discharged by cutting off the sealed tip and operating the 
plunger. 

Alternatively, a non-positive displacement pipette 

10 tip may be used. In this case, the pipette tip comprises 
a capillaJTT tube, an upper opening of which attach? s to a 
mechanical pipette whilst sample is taken up and 
discharged through a lower opening. A typical pipette 
used with these tips is cin Oxford. 

15 In use, since these tips lack a plunger, a drop of 

oil is placed on top of the sample so as to contain it in 
the pipette tip. 

In those embodiments of the invention wherein the 
technique of DNA amplification using polymerised chain 

20 reaction is practiced, the pipette tips will typically 
hold 10->IOO;iL of sample. With such sample sizes, the 
dimensions of the pipette tip will result in negligible 
heat capacity, thereby allowing rapid heating cind cooling 
time. For this reason, a typical polymerised chain 

25 reaction of 3-3.5 hours may be reduced to 1-1.5 hours 
using the inventive method and device. 

MODES FOR CARRYING QTT T THE TNVENTTOM 

In order to better understand the nature of the 
invention, two embodiments will be now described with 
30 reference to the accompanying drawings in which 

Figure 1 is a plan view of the first embodiment of 
the invention. 

Figure 2 is a sectional view about A-A' of Figure 1, 

and 

35 Figure 3 is a sectional view of the second embodiment 
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of the invention. 

In Figures 1 and 2 there is shown a device 10 for 
controlling reaction rate of a sample by controlling 
teznperature. The device 10 comprises an aluminixim block 
5 in the form of a ring 11 in which there is disposed a 
plurality of wells 12, each of which is adapted to 
slidingly receive a pipette tip 13 containing a sample. 
The ring 11 therefore constitutes a sample holder. 
Disposed around the sample holder 11 is an electric 

10 heating element 14 with connections 15 to a power supply. 
Within the central open area of the san^le holder 11 is an 
area of convoluted aluminium foil which is disposed so as 
to provide a plurality of heat exchange fins 16 lying in 
the same plane as the sample holder 11. The fins 16 cire 

15 radially disposed within the holder and extend between cm 
innfty surface 24 of san^le holder 11 and a plug 17 lying 
at the centre of the sample holder. 

Below sample holder 11 is a cylindrical air duct 18 
in the lower portion of which is a fan 19. 

20 The pipette tip 13 is of the positive displacement 

type having a capillary tube 20 with a tip 21 heat sealed 
so as to retain the sample. A plunger 22 slides within 
tube 20 whilst a collar 23 at the upper opening of tube 20 
serves to attach the pipette tip 13 to a pipette 

25 dispenser. The pipette tip 13 as shown is a Tricontinent 
brand product. 

In use, for example in the polymerised chain reaction 
technique, a sample of 20-50^L is taken up with the 
pipette tip 13 which is then detached from the pipette 

30 dispenser, tip 21 heat sectled and the whole pipette tip 13 
placed in a well 12. The embodiments shown has a capacity 
to hold 40 pipettes. 

Once all the wells 12 have been loaded, power is 
supplied to the heating element via connections 15. 

35 Generally the power would be supplied by a microprocessor 
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control in order to ensure the correct sequence and timing 
and heating and cooling cycles. 

As the holder is formed from aluminium and given the 
low thermal capacity of the plastic pipette tips, samples 
5 are rapidly heated and cooled. 

During the cooling phase, fan 19 is activated so as 
to draw ambient cooling air over fins 16 and out of 
duct 18 in the direction indicated by the arrows. Plug 17 
serves to ensure that air flows over the fins 16. 

10 Once cooling is complete, the fan 19 is deactivated 

and the next heating cycle commences as described above. 

In the second embodiment shown in Figure 3, the 
device 30 comprises a sample holder 31 similar to that of 
the first embodiment. The sample holder 31 is an 

15 aluminium block formed into a ring with a plurality of 
wells 32 to accept pipette tips (not shown) of the type 
shown as reference numeral 13 in the first embodiment. To 
heat sample holder 31, an electric element 33 is provided 
as for the first embodiment. 

20 The centre of the sample holder 31 is closed by a 

plug 37. However, unlike the first embodiment, cooling is 
provided by fluid flow rather than air. In this case, 
cooling is achieved by pumping a fluid, such as water, 
from a reservoir 34 contained in a chamber 35 below the 

25 sample holder, through a pipe 36 centrally disposed in the 
chamber 35 upwardly to below plug 37, where it opens onto 
a cumulcir disc 38 surrounding the pipe's opening and a 
disc 39 spaced above disc 38. Both discs 38 and 39 extend 
outwardly so as to direct fluid flow over the inner 

30 ^ surface 40 of the sample holder 31. In Figure 3, the 
direction of fluid flow is shown by the arrows. 

In use, this embodiment functions in the same manner 
as the first embodiment. 

Whilst two embodiments of temperature control devices 

35 have been described, it will be readily appreciated that 
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many other forms may be used. In particulcir,^ cooling may 
be brought about using Peltier effect devices* In 
addition, it will be recognised by those skilled in the 
art that numerous variations and modifications may be made 
5 to the invention as broadly without departing from the 
spirit or scope thereof. 



wo 92/20778 



- 9 - 



PCr/AU92/00236 



1. A device for controlling reaction of a sample by 
controlling the temperature thereof, comprising a holder 
adapted to receive a sample containing portion of a sample 

5 transfer means, said portion being closed at a lower end 
and means to heat and/or cool said holder. 

2. A device as in claim 1 wherein the holder comprises a 
metal block in the form of a ring in which there is 
disposed a plurality of wells each of which slidingly 

10 receives a sample containing portion of a sample transfer 
means. 

3. A device as in claim 1 or claim 2 wherein the heating 
means comprises an electric element disposed around the 
holder . 

15 4. A device as in claim 2 or claim 3 wherein the cooling 
means comprises a plurality of radially disposed heat 
exchange fins within and in contact with said ring. 
5. A device as in claim 4 wherein the fins extend 
between said ring and a central area closed by a plug. 

20 6. A device as in claim 4 or claim 5 wherein a fan is 
disposed below said fins in a manner so as, when 
activated, air is drawn over said fins to thereby cool 
said ring. 

7 . A device as in claim 2 or claim 3 wherein the cooling 
25 meems comprises a reservoir for containing a cooling fluid 

which is disposed below said ring, a plug that closes the 
central open area of said ring, and a pipe opening at a 
lower end into the reservoir and at an upper end into a 
means for distributing the cooling fluid over an iimer 
30 surface of said ring in a manner such that said fluid is 
returned to the reservoir. 

8. A device as in claim 7 wherein the means for 
distributing the cooling fluid comprises a pump and an 
annular disc around the upper end of the pipe which 

35 extends outweirdly near to the inner surface of the ring. 
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9. A device as in claim 8 wherein a second disc is 
disposed between the annular disc and the plug^ said 
second disc extending outwardly and nearer to the inner 
surface of the ring than the annular disc such that fluid 

5 flowing upwardly through the pipe flows between the discs 
and over the inner surface of the ring. 

10. A device as in any one of claims 1 to 9 wherein the 
sample containing portion of a san^le transfer means 
con^rises a synthetic plastics pipette tip, the tip of 

10 which has been heat sealed. 

11. A device as in any one of claims 1 to 10 wherein 
means are provided to heat and cool cyclically - 

12. An improvement to a method or technique in which a 
sample reacts under controlled temperature conditions, the 

15 impjTOvement con^irising: 

(a) introducing a sample into a detachable sanqple 
containing portion of a san^le transfer means, formed from 
synthetic plastics material, via an opening in a lower end 
thereof; 

20 (b) sealing said opening; 

(c) detaching the sample containing portion from the 
sample transfer means; and 

(d) reacting the sample in said sample containing portion 
under controlled tonperature conditions using a device 

25 adapted for that purpose. 

13. The improvement of claim 12 wherein the detachable 
sample containing portion of the sample transfer means 
coBtprises a pipette tip. 

14. The improvement of claim 13 wherein the pipette tip 
30 is of the positive displacement type. 

15. The improvement of claim 13 wherein the pipette tip 
is of the non-positive displacement type. 

16. The improvement of claim 14 wherein oil is placed 
above the san^le in the pipette tip prior to reaction. 
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17 • The improvement as claimed in any one of claims 11 
to 16 wherein sealing is accomplished by heat sealing. 

18. The improvement as claimed in any one of claims 11 
to 17 wherein the detachable sample containing portion 

5 holds 10 • lOO^iL of sample. 

19. The improvement as claimed in any one of claims 12 

to 18 wherein the method or technique is selected from the 
group consisting of DNA amplification by polymerised chain 
reaction^ ligase chain reaction and self -sustained 
10 sequence application. 

20. The improvement as claimed in any one of claims 12 
to 19 wherein the device comprises a device as claimed in 
anyone of claims 1 to 11. 
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